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AB^T.‘i/tCT 

Good BMoiual oontrols doslfn la one of tho prlnory 
aeeoa of iuproTint^ the efflolenoy of lachlne operators* One 
of the rost Iraportaat faotora to be oot'.aldered in the es- 
tabllahm«it of a basis for an objeotlve coKparleon of 
different designs Is the physical denand s.ade by each upon 
the lorker* 

The purpose of this exj^riment was to datermlne 
BOOB of tha factors mking Ibr Rinlcua hunan effort require- 
ments in the operation of a particular type of control — 
the handwheel. 

To earry out the study, a task was established and 
an axporiaental work station built which pernitted an opera- 
tor to turn handwheels ovorcoming pro-adjusted resisting 
torques. 

timntitatlve data on effort expenditure rates was 
obtained throua^i the use of a Sanborn SIiS ketabollsm Tester# 

Tiws task consisted of the operator turning the 
handwheels, using both hands, at a ristronome-oont rolled teapo. 
The variubles introduced were: (1) size of tho handwheel, 

and {£) work lead, l.e., resisting frictional torque, ^iizes 
ranging free 4 to 14 inches {diaueter) wore used. 

The results of the imrostigation, in which sewen 

subjects were tested, disclosed that to overeoase torques in 
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th« rung* Investigated (10 to 60 inch-pounds), using ths 
EMthod specified, the larger handwheels are laore effeotlve. 
For the torque ran^e between 90 end 60 Inch-pounds, little 
effort Is saved by using diameters higher than 10 inohes* 
For torques In excess of 45 inch-pounds, handwheels of 
analler diameters then 7 inohes ars uiideslrablo, and for 
torquas below that level the mlniaum limit is at 5 Inohos, 
A secondary purpose of this experiment was to 
investigate the s ui tabllity of using the oanborn XIO lieta- 
bolisa Tester for studies involving relatively high levels 
of energy expenditure. Tl» results demonstrated Ita use- 
fulness under these cotnditlons. 
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roSCT OF OF IW.’IXttiltELJ 

ON JCrrO.iT KE'iUIttED Fon ilOTATiCa 

urriWDUCTioN 

Alaost ov«ry ludustrlitl iNisin6«r !• awira of th« 
noocsaity of bettor designs of asnual eontrols* Although 
laproTsd naohlnery, in general, has suooeoded in reducing 
direct operating cost, it is not ntioo’znon. to find new 
sMiehlnes, jacelian.ically perfect, in v^ich efficient opera- 
tlon is handicapped by unsuitable control dCTioes. Atten- 
tion has thus far been focused largely on the design of 
the sachino itself, consideration of the systen oporator- 
oaohine being, usually, oTorlooked* As a oonsec^uonce, the 
basic linkages of the sy stea — the control doYicoo — do 
not nietoh the huann requirements* This situation is, in 
part, justifisbla in view of the abssneo of organized data 
on the subject* The issue is by no n^ans a netr one* As far 
back as 1920, the problem was presented for consideration of 
dirtetly oonoernod organizations^* .ihit the main questions 
still remain unanswered* Attempt a to solve the problem have 
boon rare, mud the result! i:ig Jnfornation is sparse, and 
besides 80CI3S studios done during the last war and aimed 



1* fteston, H* C* and Lsgros, X* A*, **0a the Design of 
Machinery in Relation to the Operator", Industrial 
Fatigue Research 3oard, Report 30, London, 1920* 
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tovard spaclfla applloatioca * , It coRslsts of a faw 
artlolaa lost asong ths pagas of taohnioal aagaslnas^*^. 

In thasa azpartaiants, tha alalsus tiaa wao uaad, alisost 
InTarlably, as tliui optimizing eritsrion (ona inaaatigator 
based his results on tha axpraasad porafaranea of tha op- 
aratcrs). In spite of the faot that, for aanunl aork, 
laaat tisia and least effort are often synonymous, it might 
happen, for a particular situation, that use of the critoriec. 
of jainlnum time will eonstitute a further disregard of human 
oherao teristics* It must be pointed out that at least scaM 
of these exporimants lutolTed short duration tasks, perhaps 
offarl"g an opportunity for of ar-oxertion, iwlthout notice^ 
able fatigue. If we define an easy operation as cna that 
the nonaal warker can do steadily fbr relatifely long 
periods, it seeasB that minimua physical denand would be a 
much better criterion* 

jVaong the ccntxol dafices the popiJ.arity of the 
handwheels is unquestionable* Handwheels are almost cCLways 

2* ’*/sycholoBieal .iesearoh on Kquipment Ueslgn”, iisport ho* 

19, Army Air Forces, Afiation Isyohology Hoaearch aerjorts, 
Edited by i-aul U, Fltta, U*J. Oofemoent irintlng Office, 
1947* 

3* ’’Factors Detorninlne Accuracy of Tracking by llcans of Land- 
wheel Oontrola”, Foxboro Co* to Dlfislon 7 National Defense 
Research Goaalttee, 0*J*H.D* uepcarts 3451 to 3455* 

4. Haines, A* and liosenblooai, K. , "Ideal Torques for Hand- 
wheels and Knobs", fachlna Design . August, 1940. 

5. Davis, L.X., "Lusaan Factors in Dosioi of manual Machine Con- 
trols", Me chan io el 2anineerlap. * October, 1949, and "oelect- 
Ing Man;Ml Conti:t>la'^. T.achlns Desian * Kovember, 1951. 
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pr«9ont vhereTor a n«n>oontroll«d motion ot a plaoa of 
Mohiuory ia raquirad* Tha praaant invaatlgatlon la oon> 
oornad vrith tha husian effort raquli^d to operate auch 
handa^eela under certain oondltlona* 

Factors such aa alse, haifht, angle of position, 
required speed of rotation, torque load, eto«, have an in«> 
fluence on the expenditure of energy of the person operating 
the handwheel* In this experiment the variables introduced 
were: (1) size of the handwheel and (S) torque load* The 

other oontrollable factors were held constant* 

Beginning with the worlc done by Tillea^, denou- 
stretlng that a standard raedioal metabollss tester eould 
successfully diaorlKlnats between amill changes in hinoan 
energy output, a serioa of experlinenta using the laetabo- 
letor followed* The research ooverias a variety of sub- 
jects; thus, tills equipn.ent was used in the determination 
of optittua work area angles, in the svoluation of differ- 
ences on one-hanfisd versus two-handed work, in the deter- 
mination of time allowances, etc* 

Although this technique ia still ia the experl- 
Bontal phase, the quality of the results obtained in this 

6* Tillea, ii*, ”An Investigation of the Juitability of the 
aanborn lietabolisja Tester to Basic ;/otion Jtudy 
Experimentation”, Master of ooianco Thesis, iurdus 
University, Lafayette, Indiana, 1«49* 
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prsTlou* work leads to the choice of the oenbom metabo* 
lator as the effort Keasurlng dsTlce* 
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yumosE 

Tho prlmry purpos* of this InTostlgstion was 
to appralss tlirough tht use of a :»tahollsa tester the 
effect of 8 iso of handwheels on the nusoular effort 
required for rotation in overoonlng different torques. 

A seoondary purpose was to investigate the 
suitability of the ^anborn XIS i^etabolisa Tester to ex<> 
periisents ItiTolvins the moasureaent of relatively high 
rates of oxygen consusiption. 
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X‘At)CBDUil£ 

The exporlEMiut wa« oouduottd tt the Uetaholie 
oection of the ^^tion and Time Laboratory, uaing the oan- 
born EIo Uetabollea Toatar* 

To oorry out the purpoae of tbe atudy, a task 
wao eatabllMied and an experlnental VK>rk station built 
which pensltted an operator to turn handsiiools overooaing 
pre*>adjuated resisting torques (Figure !]• 

The detarcln&tion of the nusaber of subjeots won 
governed by the tine available for running and eeloujjiting 
the experifflsnt. It was decided that eight operators would 
be used* One of the operators was imable to complete the 
rujos* The operators were xsale college students having no 
visible injuries in their hands or arsui* Hio attempt was 
made to select subjects of a given range of sise or sgo* 

Data on operators* heights, ages, weights and elbow heights 
appear in Tabla !• Each subject reported fes* five one-hour 
sessions on different days* !lo attempt was laade to regulate 
the outside activity of the subjects during the period in 
which they took part in the experiment* The schedule of 
teat sessions is shown in Table 2* 

Durir.g each session, the subjeota were tested on 
the Janborn laetabolator six sopareto times, once under the 

no-work condition — basal — and the other five while per- 
forming the task. Only the subject and the experimenter 



Ml4 14 ivprla • mimm 



miM •# 



7 



w«r« present «t tho tost roaa« This taro was takon to 
avoid distracting infXuoacos ttilcli might havo affootsd 
ths aotabolio rats of tho oubjset* 

Bsfors tho sxpsriiosnt, saoh operator was given 
a short explanation of ths purpose of the tsst» the nature 
of the equipe»nt and detailed inetruetione about the task 
to be perforated. 

This task consisted of tho turning of the hand- 
wheels by the subject, in the etnnding position facing the 
hend^eel. The wheel ria was grasped with both hands at 
the ends of the vertical dioQoter, the right hand at the 
top (figure 2). A 160^ clockwise motion was impressed, and 
tlte wheel released at points diamotrioally opj>OBsd to ths 
inltisl grasping position, hands were then, positioned 

fbr the next grasp, following ths rim counter-elockwlso 
without touching it. The oyels was then repeated, Ths 
tempo for tiio motions was given by a astronoms, set at 
sixty beats per minute, Tho pattern was; first boat — 
grasp and turn; second beat — release and position. 

The dlsttuios from the oporator to the Mndwhsel 
was such ttiat, with the arms extended to the front, the 
finger tips reach approximately IS inolais beyesnd the hand- 
wheel. 

The shaft of the handeftieel was approximately in 
the same plane as ths operator’s body center line. 
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on Bohl's work , J!rom whloh h« eonolu4«d 
that Ibr a elrpla task the onarity axpaniUtura rlsao rapidly 
duriog thi first olnuta of parforaanoo and dots not ehanga 
aignifloantXy ibr the caxt 64 oinutast a t^iroa-ainuta 
parlod was aatabllshad fee* the task* tiia oxygen oonsuaptlon 
baing raoordad during the last two alnutas* aiccordlng to 
Bahl» hia rosults would also indicate t2iat rest periods 
need not bo used once the axparLaent has eora:«onoed, if all 
readings can be obtained within one hour* This reason con- 
tributed to the decision of limiting the duration of the 
sesoions to one hour* 

In order to bring the subject's gaaeous exchanges 
to a lowsr and nors stabls Isvel, they were required to lie 
on s 00 1 and have s short rest at the beginning of the 
session* 

For all sessions, the procedure was the one ifiown 
in Table 3. 

It was decided, after an examination of several 
Eiaohine handles soanufacturers* catalogues, to teat only 
handwheels of siaes ranging from 4” to 14"* Accordingly, 
the followiiss five standard siaes were selectedi 4”, 5", 
7", 10" and 14"* 

7* Bshl, J* n*, "Determination of the Sffect of ierforming 
a Jlrtpla Task Over a Prolonged Period on the Sato of 
Snorgy Expenditure", Lastor of Joience Thesis, Purdue 
University, Lafayette, Indiana, 1951 
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Data on wal^hts of tha handwhaola la found in 

Tabla 4* 

Conaldaring tha tl<ra*^onsumlr 4 S natura of tha az*> 
paricant, only fiva raalstlng torquas wora uoad; nemaly, 10, 
15, 30, 45 and 60 inch**pound» 

For roaaons of aicplloity, 'tt\a torquaa and hand- 
wheela ware nuabarad fron one to five, In t!ia order of 
inoraaslns torque valuea and dlaaatara, raspaotlvaly. Tha 
combination of torquas and handwheels gave twanty-fiwa 
different tasting conditions* The value choaan Ibr tha oaxi- 
au« torque (60 inoh-pounds) is such oa to mica all tasting 
conditions feasible* 

Those twenty-five conditions ware distributed 
among the five sessions in vi^loh each operator* a schedule 

Q 

was divided* According to Thorson , there are no signifi- 
cant differences in osygen consumption rates between iden- 
tical runs sede on different days; his conclusions would 
also seea to indicate that consistent differences should be 
expected from runs, under different conditions, performed on 
different d«^s. Based on these reasons the five-session 
schedule was adopted* 

To avoid any adverse effect due to the order in 
which those conditions were presented, the order of pre- 
sentation, for eacli subject, was raadomined* This 

8* Thoraon, I* J* , i»:etabolie Investigation of Oi:is-Kended 
Versus Two-,^onded aoric”, Idaoter of .icienco Thesis, Purdue 
University, Lafayette, Indiana, August, 1931* 
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rftndoalzatlofi was Mourad by tha uaa of tba Tablaa of 

g 

Randoa Ilumbara of lendalX and u&ith • Tba ordar of prasan* 
tatlon of tha tasting oondltlons appears in Tablo 5» In 
this table, the oondltlons are rmsbarad In tlie following 
way: the first digit represents tha torque, and tha seoond 

represents t^ handwheel. 

In addition to tha uanborn 213 Matabollsn Tester 
(Figure 3), the equipment of tho viork station eonslstad of: 

(a) ths handwheel shaft supported 44** above the floor by 

two bronze bearlnss fastened to a wood frame. The reslstli^ 
torque offered by the shaft was obtained by a friction brake 
arrangesent, composed of: a brake dr\us, a wood oylinder 

mounted In the shaft, a nylon band anplied to the rim of the 
brake dnm, two spring scales attached to the ends of the 
nylon band, and two tumbucklas attaching the top ends of 
the spring scales to tho frame, end permitting the variation 
of the tension of the band, end, therefore, the friction be- 
tween the brake band and the brake drum (Figure 1). 

(b) A standard metronome. 

(c) The set of five handwheels (Figure 4). 

9. Arkla, K., and Colton, H. H. , **Tables for s^tat 1st 1 clans'*, 
Darnes & Koble, Inc., Kew York, 1950, pp. 142-145. 
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Table 3 

PROCKDUIIK FOLLOWED DURING TIil SESSIONS 



Elapsed 

Time Tine 

0-10 10 

10-11 1 

11-15 4 

15-20 5 



20-23 3 

23-28 5 

28-31 3 

31-36 5 

36-39 3 

39-44 5 

44-47 3 

47-52 5 

52-55 3 



Aotlon 



Operator relaxing quietly on a cot. 

Just prior to the end of the period, 
the operator got up and took position 
at the work area. The mouth piece and 
nose clamp were adjusted In position. 

Operator Inactive, breathing ambient air 
through the metabolator. 

Without knowledge of operator, the oxygen 
was turned on and a basal rate was re- 
corded. 

Operator disconnected from equipment and 
resting; prior to the end of this period 
he was again connected to the equipment. 
During this resting period the metabo- 
lator was re-charged, the handwheel was 
changed and the torque adjusted. 

Operator performed the first run, breath- 
ing ambient air during the first minute 
and oxygon during the last two minutes. 
The oxygen consumption was recorded. 

Resting period, some as 15-20 minutes. 

Second run, same as 20-23 minutes. 

Resting period. 

Third run. 

Resting period. 

Fourth run. 

Resting period. 

Fifth run. 
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Table ± 

HAI®y;HSEL 2IZI3 



Nominal 



No, 


Diameter 


l^el^ht 


1 


4" 


1,5 lbs. 


2 


5" 


2,0 lbs 


3 


7" 


4.7 lbs 


4 


10" 


10,0 lbs 


5 


14" 


21,5 lbs 
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Tabu 5 

OF * R-^U^ZITTaTIO^ OF Till CiJiaiiiATICr.S 
OF tOR%Xit3 X:T) liAKD^ELJ 

Oparatora 





2 


3 


-A- 


5 


JL. 


7 


£-5 


5-4 


5-3 


2-1 


1-1 


3-2 


4-1 


5-1 


2-5 


1-1 


1-2 


1-3 


3-3 


1-3 


1-2 


2-4 


5-5 


1-4 


3-2 


4-2 


4-3 


5—5 


1-2 


3-1 


2-5 


2-2 


4-3 


3-S 


1-5 


4-5 


2-2 


5-5 


2-3 


1-2 


£-5 


2-4 


1-1 


4-2 


1-3 


2-4 


1-1 


3-1 


3-1 


3-2 


1-2 


3-1 


2-5 


1—4 


4-4 


5-£ 


4-2 


2-5 


5-4 


1-3 


£-1 


2-3 


3-5 


6-2 


4-1 


3-3 


4-2 


3-4 


5-5 


1-3 


2-2 


5-2 


2-4 


5-3 


5-3 


3-4 


4-4 


4-4 


5—1 


4-1 


4-4 


2-4 


3-3 


1-4 


1-3 


2-4 


2-3 


1-3 


1-3 


3-2 


4-2 


1-5 


2-3 


3-5 


3-4 


1-5 


1-4 


3-4 


4-3 


1-4 


4-3 


4-1 


4-5 


5-4 


1-1 


5-5 


3-5 


5-3 


3-3 


2-2 


4-5 


4-3 


£-3 


2-1 


£—2 


5-5 


5-4 


1-5 


5-3 


4-1 


3-3 


5-1 


3-5 


3-5 


1-2 


2-1 


3-5 


1-3 


4-4 


3-2 


3-1 


2-2 


4-5 


3-1 


5-4 


3-4 


5—4 


5-5 


1-1 


4-1 


3-3 


3-4 


4—2 


5-2 


2-3 


5-1 


5—4 


£-1 


1-5 


1-1 


2-1 


2-5 


2-4 


3-2 


5-3 


4—5 


5-2 


1-2 


5-2 


2-1 


2-2 


5-1 


4—4 


1-5 


3-1 


5-1 


5-2 


2-3 


3-4 


3-2 


4-5 


4-3 


4-1 


4-2 


3-3 


1-4 


4-3 


3-2 


3-1 


4-4 


5-3 



KOTS; The first number ropreeente the torque; end the 
eooond the hendKheel* 



Tint um tn» inn. mn h 



an !• 








t 



MU 



-4 nn: mn nm inn mn 




¥imxr9 

Experimental %;ork ^tatloa 







A 

. • •*: mfci m * 





I 



I 

I 



R 




■ 



I 



i 



i 





I 



a 



1 








16 




yigurg 3 

EI3 i..«t?ibolis . Toat«r 




£4£H?i» i 

Gtt of l andTwhggIg 



1 . 



i 




* irl» 






I 



4 



19 



AoCLTa 

Tables 6 to 10 contain a siuu»ary of tiia data ob- 
talnad* In thoaa tablaa tha rata of oxygan oonsueptlon la 
axprasaad ao tha slop# of tha line of least squares fitted 
to the raw data appearing In the wax eharts* The raw data 
upen the wax charts appear aa a number of almost rertleal 
linos representing tha subjects' Irihalatlona sod exhala- 
tions. The peek points glvo an Indloation of the astount of 
oxygen not yet oonsumed by the subject. Therefore, the rate 
at whloh oxygen la ocnsuiaed Is given by the straight line 
fitting these peak points. All points appearing during the 
two-mlnute testing Interval wore used to fit the lino of 
least squares. A sample chart end a sample calculation of 
the slope are contained In the Appendix. 

The raw data for tiiia experiment have bean filed 
in the Purdue Wotioa Mid Time ^tudy Laboratory. A presenta- 
tion of the overall wokx slopes for eaoh experimental con- 
dition appears in Table 12. The^5;» confidence Interval of 

these aoans la shown in the adjoining column of this table. 

Assuming that those data followed the norssal di«- 
tribution with homogenooua variances, analyses of variance 
were cade. 

The slope values corresponding to each individual 
torque were analyzed and a eusisary of results appears at the 
bottom of the corresponding table. 
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For torque 10 luoh^pounda, Table 6: 
subjects* aoana were algnlf loantly different et 

1> leTel* 

handwheel aseans vvere not signif loantly different. 

For torque 15 inch-pounds. Table 7; 
subjects' means wars slgnifioontly different at 
i;: level. 

iuindwt;eel8* means were significantly different at 
1 % level. 

For torque 30 inch-pounds. Table 8: 
subjects' means were aigniflotsntly different at 
1 % level. 

ijandwh cols' laeans were significantly different at 
l)i level. 

For toi*que 45 inch-pounds. Table 
subjects* meani were signif ie an tly d if forent at 
IjS level. 

handwheels* maaiat wore slgntflmantly different at 
1 % level. 

For torque SO inch-pounds. Table 10; 
operators* aeons v/ore not significantly different, 
handv^eels* means were significantly different at 
1 % level. 
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Th« analyais of the date as a whole e«ve the 

following results (Table 11): 

(a) The Imndwheols* aeana ware sl^nif ioaatly different at 
the 1)( level. 

(b) The difforenooe between t^ie torque means were very 
sienifloant* 

(e) The operators* means were sot slgalfloantly different, 

(d) The interaotlon between handwheels and torques was 
si gnif leant at the 1/C level, 

(e) The interactions betwee? Imndidieele and operators, and 
torques and operators, were slgnifioont at the level* 

A plot of the observed mean slopes versus the dlemeters of 

the handwiieel is s!iown in Fi^re 5, 
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Dl^CU-ilO.. or 

The prerlous woric eith t^iie equlpnent InvolTed, 
always, lew levels of gaseous exchanges; therefore, its 
use at relit ivoly levels, as was the case of »ost 

conditions of the present Investigation, might be question^ 
able. One objection $iight bo t.e possible limitations in 
the capacity of the carbon dioxide absorber (ketaboliae}. 
This condition wo dd cause arrors that would Increase with 
icoreasiog oxygan oonsuaqption rate. I*evsrtheles9, the 
testint?. conditions were such as to require substantial 
differences of oxygen conauciption; hence, oven In the 
presence of errors In the absolute values of the rates, 
ths trend of variation of those rates la fairly wall da- 
fined. 

Unreliable data would also result from testing 
situations de^^nading nusoular over-exertion. It is a well 
known fact that a herd-working muscle will require j»ora 
oxygen than can be brought to it by the blood s trees. Hcnr/- 
ever, it keeps on working in a fatigue condition and i.eurs 
what la called an oxygen debt. The occurrence of this ex- 
treme condition would invalidate the basic assun;ptiori of 
proportionality b etween the effort output end the osygon 
consuniiJtion. This would si;ow up in a tendency of the sec- 
tion of the plot corresponding to high torques and sraall 
handwheels to stay below a certain zeaxioMim slope with the 
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r«aultlng ooufuslon of Ui« lines oorrssi^ondlst to Uis various 
torques. The spreedl^ of the »’reuh lines for iii 0 7e«alng 
torques and deoreasiag slaes seess to be a <o>}d Indication 
taat the levels of effort tested wore well balcm tbs ones 
that would cause oxygen debts. 

It was the intention of the experijeentor to i#ee the 
besel rates, tal.en for oeoh session, as a referaiice level for 
the task rates of the sa^e session, thus, partially, ollMna- 
ting possible vnrlotlons due to fluctuations of subject's 
physical conditions. Thie basal rats was obtained recording 
the subject *3 oxygen eonsuraption while he vras in a standl:ig 
position, without iBOtlon cf any body lasnbor. The original 
idea was to find the diffarenoe between rates corresyondir^ 
to the two conditions: ( 1 ) ataEading «:otionlss3, and ( 2 ) 

standing perforiaiag the task. It wss noticed, kowevor, with 
Boa» operators, that the siotionless condition was such as to 
oauss irregularities in the basal breathing rat.e. It seeded 
that in the absence of soiaethins else to coaoontrate upon, 
these operators because w^t oan be called breathir:g-oon«oioua, 
and tried to control their inhalatioi^s and exhalations. Co«- 
plalnts about the difficulty in breathing p\n^e oxygen followed 
those runs. It lao^t be said that these difficulties disappeared 
in the case of task-runs. In order to district those opera- 
tors, and ainimize this effect, they were told to follow 
aentally the awtronojse beats, by counting or otherwise. This 
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resulted In soMwiMt sooother eharts. 

•Vuoth«r difficulty was tha sasily deteotabls in- 
ersase in the slope that Mppeered In sone basal runs. TUsse 
increases were ecoentuatsd after the first two ainutec of 
the recording period. The oocurrenoe of these Increases 
aisht be exvlslned by an Inoreasing dewnd of oxygen due to 
the standing attitude alone, as an stteapt to overooM 
this difficulty, the basal slopes were eoaputed using only 
the two first reoordod sisutes. 

*.s a tkird consideration, the ev.sjparison cf the 
basal slox>es with tlae ones corresponding to tiie low-torque 
runs showed very snail differences, perhaps saaller than 
the error inherent in the equipraent. 

Due to the above reasons, the basal rates were 
abandoned as a ’.4iole, end tho task slopes ware used with no 
lUrt2^e^ consideration of refoience levels. IThe lack of sig- 
nificant differences aaong opsrators, as shown by over-all 
enslysis of variance, may serve as an additional Justifica- 
tion for this action. 

The data wore not corrected for ataa>aphorio pres- 
sure and tesiperature, the effects of these factors being 
negligible. 
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C-. CLlolO?J5 

It My bo coccludod tror the data obtained in this 
azparlraent that to overcoM torquea In the rariBo Inveatlicatad, 
using the nathod specified, and wit. operator energy expen- 
diture as the criterion, the larger handwheels are «ore 
effect ive* 

Inspection of the torque graphs (Figure 5) indi- 
cates that for the torque range between 30 and 60 inch-pounds 
little is gained by going beyond the 10 inch diameter. 

for torques in excess of 4S in powida, handvd:ieels 
of smaller diunetcr than seven inches ere undesirable, and 
for torques below Uiat level the miniaa^ limit can be taken 
as 5 inchee. 

For a torque of 15 ineh-pounds, the existence of 
a mlnimua indicates that the optlaua handwheel dl&iEetcr is 
in the neighborhood of 7 inches. For the 30 irwh-pounda 
torque, a no t-ao -striking miniiaua can be noticed at the point 
corresponding to the 10 inches handwheel# 

Ivon tiiough the stfitlstlcal amlysis of the data 
corresponding to tlie 10 inch-pounds torque shows no signifi- 
cant dlffercaoes, a glance ct the plot indicates a slight 
tendency of the slope to increase with the diameter; and, one 
might advance the cen elusion that to overaorae very low torques 
small handwheels should be chosen. 
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•hat liAs b««o ref«rr«d to «a ttia aeoondtiry t>ur- 
post should be real v»lue to other experliaentors using the 
seAO eriulpaent. 

The results obtained in this experiment Indio «te 
thst the oanbort SI.S ketabolls*; Tester con be accepted as 
a device for osisurlns h;ifean energy at reasonably high 
output levels. 

The foregoing conclusions are in icenorol egree- 

16 

zaent with the findings of fiohaan , v^o performed a si&llar 
axperlBMint. 



16. Fichmau’i, H. T. , ”Tho Sffeot of Dlaneter on the Sffort 

ivequired to rotate handwheels Used as Cranks*’, Unpublished 
iwster of ^olenca Thesis, irurdue Ohi varsity, Lafayette, 
Indiana, 195£. 
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